We report 15 polymorphic microsatellite loci isolated from the river prawn Macrobrachium nipponense. Their genetic characteristics were evaluated in 40 individuals from two Korean populations. The number of alleles ranged from 4 to 16, and the observed and expected heterozygosities ranged between 0.35 and 1.00 and 0.41 and 0.90, respectively. We assessed the cross-species amplification of each locus in five species of palaemonid prawn and two species of atyid prawn.
INTRODUCTION
Oriental river prawn, Macrobrachium nipponense (De Haan, 1849) (Crustacea: Palaemonidae) is a common freshwater shrimp in Korea (Kim, 1976; 1977) , and it is distributed broadly over the East Asian native regions (Japan, China, and Taiwan) (Mashiko and Numachi, 2000; Mashiko and Shy, 2008; Yang et al., 2007; Chen et al., 2009) , and invasive in some regions (Iran and Iraq) (Grave and Ghane, 2006; Salman et al., 2006) . After the last glacial maximum, sea level change was one of the most important factors that influenced biogeographical patterns of East Asia. Northeast and Southeast Asian continental shelves became land bridges connecting the islands of Japan and Taiwan to the mainland of Asia (China and Korea) at the time of lowered sea level (Xiao et al., 2004; Liu et al., 2006) . Connection of rivers was another important geological event caused by lowered sea level. During the glacial period, many rivers that were separated by the sea became connected to each other. Freshwater prawns could have migrated between the river systems through the connected waterway generated during the sea level changes. This is why there is high endemism, and the structure of the population of freshwater prawns has been highly influenced by geological events. The oriental river prawn, M. nipponense, may be an important species for studying population genetics and ecology throughout the East Asia. It is also an economically important freshwater species in Korea. Thus, assessments of the distribution of genetic diversity in the wild and culture stocks using polymorphic DNA markers are critical to the development of conservation strategies for this species. Thus far, few studies have been conducted on this species in order to evaluate genetic variations and population divergence using different-sized eggs (Mashiko and Numachi, 2000) , allozyme markers (Chow and Fujio, 1985; Mashiko and Shy, 2008) , nuclear 28S rDNA (Chen et al., 2009) , and mitochondrial 16S and cytochrome C oxidase I (COI) genes (Salman et al., 2006; Yang et al., 2007) . Recently, due to their extreme polymorphism, ubiquity, and Mendelian co-dominant inheritance, microsatellites have assumed an increasingly important role as markers in population genetics. In the case of M. nipponense, Feng and Li (2008) reported 12 polymorphic microsatellites from China without cross-species amplification. In the present study, we isolated and characterized another 15 polymorphic microsatellite loci from M. nipponense from Korea for future population genetic studies of the wild-type Korean populations of M. nipponense. We also analyzed the crossspecies amplification potential of our 15 primer sets and that of the 12 reported by Feng and Li using 7 related taxa inhabiting the freshwater ecosystems of Korea.
MATERIALS AND METHODS
We collected specimens of M. nipponense from 2 locations across Korea (Table 1) . Total DNA was extracted from the legs of each specimen using a DNeasy Tissue kit (Qiagen) .
A partial genomic library was constructed in accordance with the protocols developed by Estoup and Trugeon (1996) . Accordingly, 300 ng of DNA was digested with 1.5 mL of sau3A1 (10 U/mL) and loaded on a 2% agarose gel. Fragments ranging between 200 and 800 bp were recovered from the gels and cloned into a pUC118 plasmid vector digested with BamHI (Promega). More than 1200 recombinant clones were obtained and screened for tandem repeats using a mixture of 6 digoxigenin (DIG)-labeled oligonucleotides: (CT) 10 , (TG) 10 , (CAC) 5 CA, CT(CCT) 5 , CT(ATCT) 6 , and (TGTA) 6 TG, and detected using a DIG detection kit (Roche). Strongly positive clones were selected and incubated in liquid Luria-Bertani (LB) medium, and the plasmids from these clones were recovered using a QIAprep Spin Miniprep kit (Qiagen). Inserted fragments were sequenced using a BigDye Terminator Ready Reaction kit (Applied Biosystems) and M13 universal primer. The sequences were identified using an ABI PRISM 3730 Genetic Analyzer system (Applied Biosystems) and were visually confirmed using SEQUENCE NAVIGATOR 1.1 software (Perkin Elmer). The polymerase chain reaction (PCR) primers that were used to amplify the microsatellite regions were designed from each clone sequence using the PRIMER 3 program (Rozen and Skaletsky, 2000) . One of the two primers for each locus was labeled with fluorescent dyes HEX, NED, and FAM (see Table 2 ).
Microsatellites were amplified under the following conditions: the reaction mixture consisted of 20 ng of template DNA, 10 pM of each primer, 200 mM of dNTP solution, 13 PCR buffer, and 0.5 U Taq DNA polymerase (Promega). PCR was performed using the GeneAmp 9700 system (Applied Biosystems) and included the following steps: initial denaturation at 94uC for 5 min, 35 cycles of denaturation at 94uC for 30 s, annealing at a set temperature depending on the locus (see Table 2 ) for 30 s, and elongation at 72uC for 50 s. The size of the PCR products was determined, and the products were analyzed by GENESCAN 3.7 and GENEMAPPER 4.0 (Applied Biosystems). The microsatellite polymorphism was screened in 40 individuals selected from two Korean populations (20 from each population).
RESULTS AND DISCUSSION

Genetic Variability in Microsatellite Loci
Of the 23 loci, 4 were monomorphic, 4 did not work, 15 were polymorphic and were successfully amplified. The characteristics of the microsatellite loci are shown in Table 2 . The range of allele numbers among the 15 microsatellite markers was 4-16, and the MaN09-1, MaN09-2, and MaN39 loci, which are included in dinucleotide repeats, were relatively more polymorphic than the other loci. The microsatellite MaN09-2 was the most polymorphic, with 16 alleles, whereas the MaN07 and MaN29 loci were the least polymorphic, with 4 and 7 alleles, respectively. The MaN22-1 and MaN29 loci are included in the trinucleotide repeats. The expected heterozygosity at the 15 polymorphic loci ranged between 0.41 and 0.90. The microsatellite data were analyzed using ARLEQUIN ver. 2.000 software (Schneider et al., 2000) , to assess for Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium (LD). This analysis revealed that the MaN11 and MaN39 loci showed a significant deviation from HWE (P , 0.05), which was attributed to a considerable heterozygote deficiency. Pairwise comparisons of the loci showed that the pairs-MaN11 and MaN22-1-showed highly significant LD (P , 0.001). We tested for the possibility of null alleles with the MicroChecker program (2.2.3) (Van Oosterhout et al., 2004) . Our analysis indicated that none of the loci showed scoring errors due to stuttering or large allele dropouts. Null alleles may exist at several loci, as was suggested by the general excess of homozygotes for the majority of allele size classes (Table 2) . Excess homozygosity may be partly attributable to the fact that the specimens used for genotyping were obtained from different locations, i.e., the Wahlund effect.
Cross-Species Amplification
Cross-species amplification test is important not only within the same genus, but also across other genera because, if we develop locus specific markers applicable to related species, comparative phylogeographic research can be conducted in a time-saving and cost-effective manner. In some cases, cross-species transferability of microsatellite markers was observed in most groups of animals within and between genera and even across different families (Barbará et al., 2007) . In the present study, our 15 microsatellite loci and the 12 identified by Feng and Li (Feng and Li, 2008) were analyzed across 7 freshwater shrimp species found in Korea. Of the 7 species, Macrobrachium koreana Kwon and Han, 1984 and Macrobrachium formosense Bate, 1868 are congeneric; Palaemon paucidens de Haan, 1844, Palaemon miyadii (Kubo, 1938) , and Exopalaemon modestus (Heller, 1862) belong to different genera in the same family; and Paratya compressa (de Haan, 1844) and Neocaridina denticulata denticulata (de Haan, 1844) were sampled from two genera of a different family, Atyidae. The result of this analysis showed that each of the 10 markers (MaN9-1, MaN9-2, MaN11, MaN14, MaN22-1, MaN25, MaN27, MaN34, MaN37, and MaN40) could be amplified at least in one of the 7 species (see Table 3 ). The result for the 12 microsatellite loci identified by Feng and Li are shown in Table 4 . Each of the 7 markers (Mni004, Mni005, Mni007, Mni009, Mni010, Mni018, and Mni019) could be amplified at least in one of the three species (P. paucidens, N. denticulata denticulata, and P. compressa) of the 7 tested species.
In particular, MaN11 and MaN25 were amplified in all of the tested species. These two loci may prove to be useful in studies on the genetic diversity of closely related species. (Feng and Li, 2008) . +, successfully amplified; 2, not amplified. 
